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I. 
OF 
I~T~RODUCTION. 
It has been shown that the inhibiting action of homogenic serum on 
the growth of a pure culture of chicken fibroblasts is directly propor- 
tional to the age of the animal from which the serum is taken, and 
that the rate of cell multiplication can be used as a  reagent of cer- 
tain  changes produced by age in the blood serum.  1  Similar effects 
probably could be obtained from fibroblasts  of mammals cultivated 
in  homogenic serum.  But  it  would be  of  advantage  to  cultivate 
chicken tissue in heterogenic serum because it is much more difficult 
to keep alive in vitro permanently a strain of mammal fibroblasts than 
of chicken fibroblasts.  Over 10 years ago we found that chick embryo 
tissues grew abundantly in  plasma from  rabbits,  dogs,  and  human 
beings,  although not quite as well as in chicken plasma3  Later the 
effect of many  heterogenic sera was investigated.  Lambert and Hanes  3 
cultivated rat sarcoma in guinea pig plasma and Ingebrigtsen  4 studied 
the action of several heterogenic sera on cultures of guinea pig  bone 
marrow.  The growth was always less rapid and extensive  than  in 
homogenic serum,  and the toxic action of the serum varied  accord- 
ing to the species of the animal.  Owing to the lack of accuracy of 
the  technique  used  at  the  time,  no  precise knowledge was gained 
of the action of these different sera. 
I Carrel, A., and Ebeling, A. H., J. Exp. Med., 1921, xxxiv, 599. 
2 Carrel, A., and Burrows, M. T., J. Exp. Med., 1911, xiv, 244. 
3  Lambert, R. A., and Hanes, F. M., J. Exp. hie&, 1911, xiv, 129. 
4  Ingebrigtsen, R., J. Exp. Med., 1912, xv, 397; xvi, 421. 
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A  quantitative  study  of  the  influence  of heterogenic  sera,  taken 
from animals of different ages, on the rate of growth of pure cultures 
of fibroblasts was begun by one of us in  1919.  Fragments  of  a  7 
year old strain of chicken fibroblasts were cultivated in media made of 
one volume of plasma and two volumes of serum taken from cats  1 
month, 1 year, and 9 years old.  The amount of growth obtained in the 
kitten serum was about four times greater than in the old cat serum. 
Similar  experiments  were  made  with  serum  obtained  from  human 
beings 22, 40, and 45  years old.  Differences ill the  rate  of  growth 
were observed,  although  they were less marked  than  in  cat  serum. 
It became evident that  the growth of chicken fibroblasts was more 
active in the serum of the young  than  in  that  of  the  old animals. 
When  the  technical  improvements  recently  described  by  Ebeling 
rendered  it  possible to  cultivate  tissues  in  a  medium  composed  of 
serum  and fibrinogen, 5 and to prepare the cultures and measure the 
rate  of  growth  with  greater  accuracy,  e the  study, of  the  action  of 
heterogenic  serum  was  resumed.  The  purpose  of  the  experiments 
described in this paper was to investigate the relation existing between 
the rate of growth of a pure culture of fibroblasts and the concentra- 
tion  in the  medium  of heterogenic  serum,  and  the influence  of  the 
age of the animals  from which the heterogenic serum was  taken  on 
the cell multiplication, in order to ascertain whether a pure culture of 
chicken fibroblasts could be used as a reagent for the detection of the 
modifications brought about by age in the blood of mammals. 
IL 
Action of Various Concentrations of Heterogenic Serum. 
The  action  of  different  dilutions  of  homogenic  and  heterogenic 
sera on the rate  of growth of chicken fibroblasts  was  thus  investi- 
gated.  The  fibroblasts were taken  from  stock cultures  of a  9  year 
old strain  of chicken  connective tissue,  cultivated  in one  volume of 
embryonic  tissue  juice  to  two  volumes  of  chicken  plasma.  Each 
fragment was divided in two equal parts,  one being placed in the ex- 
perimental medium and the other in the control.  The experimental 
5 Ebeling, A. H., Y. Exp. Med., 1921, xxxiii, 641. 
6 Ebeling, A. H., Y. Exp. Med., 1921,  xxxiv, 231. ALEXIS  CARREL  AND  ALBERT  H.  EBELING  19 
medium was composed of 20 per cent fibrinogen suspension, 5 per cent 
embryo  juice,  and  varied  amounts  of  Tyrode  solution  and  dog  or 
cat  serum.  The  control  medium had a similar composition,  but the 
heterogenic  serum  was  replaced  by chicken  serum.  The fibrinogen 
suspension was prepared according to the method described by Ebel- 
ing. 5  The embryo juice was obtained from 8 or 9 day old chick em- 
bryos.  Serum  was taken  from  the plasma  of cats  or dogs under  2 
years  of  age. 
The action of media containing  from 5 to 65 per cent heterogenic 
serum was compared with that of media containing identical amounts 
of chicken serum.  Three cultures were made in each concentration of 
heterogenic serum.  They were controlled by three cultures made in 
similar  concentrations  of chicken  serum.  The  results  of the experi- 
ments,  showing the action of dog serum, were expressed by the rela- 
tive increase  of the  tissues  in 48  hours  and  are  recorded  in Tables 
I  and  II,  The  three  experiments  and  controls  of  each  series were 
ratio  Relative increase in dog serum  averaged and the  ,  ~  :---- ~  ,  was  calcu- 
Relative increase m chlcke~ serum 
lated.  The variations in the rate of growth were expressed by a graph 
in which the ratio was plotted in ordinates and the serum concentration 
in abscissae  (Text-figs.  1  and  2).  The rate  of growth  did not differ 
markedly  from  the  control  as  long  as  the  concentration  of hetero- 
genic  sera  was  lower  than  20  per  cent.  When  the  concentration 
of  dog  serum  was  increased from 20  to  35  per  cent,  the inhibiting 
action  of  the medium  rapidly became more  marked, and no growth 
was  observed  when  the  concentration  reached  35  to  40  per  cent. 
Other  experiments  showed  that  according  to  the  individual,  the 
serum  concentration  which prevents  growth may vary from 30 to 45 
per  cent.  The  ratio  of both  relative  increases  in  dog  and chicken 
sera  expressed  the  inhibiting  action  of dog  serum  on  the  prolifera- 
tion of the fibroblasts, and  can  be  called growth index of the serum. 
The  growth  index  of  the  dog  sera  for  a  concentratibn  of  30  per 
cent  was  respectively  0.32  and  0.067  (Tables  I  and  II).  The 
growth index of the cat sera for the same concentration (30 per cent) 
was  0.83  and  0.84.  In  other  experiments,  the  growth  index  was 
also calculated in comparing the relative increases of a pure culture of 
fibroblasts in dog serum  and  in Tyrode solution,  instead  of chicken 20 
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serum.  Similar  experiments were made  with  cat  serum  and  their 
results recorded in Tables ItI and IV, and in Text-figs. 3 and 4.  The 
action of cat serum was not apparent until a  concentration of 20 to 
25 per cent was reached.  Afterward, its action became stronger and 
no growth was observed when the concentration had reached 60 per 
cent. 
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TEXT-FIG. 1.  Experiment 1.  Relation between  the rate of growth of fibro- 
Relative increase in dog serum 
blasts  in dog and chicken sera.  The ratio,  Relative  increase  in chicken serum' 
is plotted in ordinates and the serum concentration in abscissm. 
Action of tteterogenic Sera from Young and Old Animals. 
An  examination was  then made  as  to  whether heterogenic sera 
from young and old animals would differ in their action on the growth 
of fibroblasts.  Sera were obtained from cats 6 months and 9  years 
of age, and from dogs 6 months and about  10  years old.  The tech- ALEXIS  CARl%EL  AIWD  ALBERT  H.  EBELIIWG  33 
nique  was  identical with  that  previously described.  The  relative 
increases of the cultures of fibroblasts in young and old cat sera were 
compared.  In Table V are recorded the relative increase of the tissue 
in both media, and the quotient of the figures expressing the rate of 
multiplication in  the  old  and  young cat  sera.  In Text-fig.  S,  the 
Relative increase in old serum 
ratio,  , was plotted in ordinates and 
Relative increase in young serum 
1.0 
0.9 
0.8  ~' 
0.7 
0.8 
1410  0.5 
0.4 
q 
0.3  ~ 
0.2 
",,, 
0 
Pc? cent0  5  I0  15  20  25  30  35 
5  ePun% concen%Pation 
TEXT-FIG. 2.:  Experiment 2.  Relation between the rate of growth of fibro- 
Relative increase in dog serum 
blasts in dog and chicken sera.  The ratio,  Relative increase in chicken serum 
is plotted in ordinates and the serum concentration in abscissm. 
the serum concentration in abscissae.  The graph shows that the action 
of both sera was about the same as long as the concentration present 
in the medium was not above 20 per cent.  Afterward, the growth 
decreased more rapidly in the old animal serum.  When the concen- 
tration reached 50 per cent, the rate of growth was only 32 per cent 
of that observed in a medium containing a  similar amount of young 
cat serum. 34  ~ULTIPLICATION  O~' [FIBROBLASTS 
The  same  experiments  were  repeated  with sera  obtained from a 
dog 6 months old, and from another about  10 years old.  The rela- 
tive increase of the cultures of fibroblasts in both sera is recorded in 
Table  VI  and  Text-fig.  6,  in  which  the  ordinates  represented  the 
quotient of the rates of growth in old and young sera, and the absdss~ 
1.0 
0.9 
0.8 
0.7 
/  \ 
\ 
~l °  0.6 
0.5 
0.4 
0.3 
0.2 
0.1 
0 
Per cent0  5  10  15  20  25  30  35 
Se,,um  concentvation 
TExT-FIG. 3.  Experiment 1.  Relation between  the rate of growth of fibro- 
Relative increase in eat serum 
blasts in cat and chicken sera.  The ratio, Relative increase in ch/cken serum 
is plotted in ordinates and the serum concentration in abscissa. 
the serum concentration in the medium.  The graph shows that the 
inhibiting action of the old dog serum was more marked than that of the 
young dog serum.  When the concentration of the serum reached 40 
per cent, the rate of growth in the serum of the old animal was only 
23 per cent of the rate of growth in the serum of the young one. ALEXIS  CARREL  AND  ALBERT  1=I.  EBELING  35 
IV. 
SUMMARY  AND  CONCLUSIONS. 
The presence in a  culture medium of heterogenic serum of various 
concentrations  exerts  a  definite  influence  on  the  rate  of multipli- 
cation  of  fibroblasts.  Dog  serum  does  not  inhibit  the  growth  of 
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Relation between  the rate of growth of fibro- 
Relative increase in cat serum 
blasts in cat and chicken sera.  The ratio,  Relative increase in chicken serum' 
is plotted in ordinates and the serum concentration in abscissae. 
chicken  fibroblasts  markedly  until  its  concentration  reaches  15 
per  cent.  Beyond  this  figure,  each  increase  of  the  concentration 
brings  about  a  rapid  decrease  in  the  rate  of  cell  multiplication. 
Vv-hen the  concentration  reaches  from 30 to 45 per cent,  no growth 
takes  place.  The  inhibiting  action  of cat serum begins to manifest 
itself  at  a  concentration  of 25  per  cent  and  prevents  cell prolifera- 36  MULTIPLICATION  OF I~IBROBLASTS 
tion completely at a concentration of 55 and 60 per cent.  The ratio, 
Rate of growth in heterogenic serum 
,  can  be  taken  as  expressing 
Rate of growth in chicken serum 
the action of the serum  on fibroblast multiplication; that is,  as  the 
growth index of the serum. 
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TEXT-FIo. 5.  Relation between the rate of growth of fibroblasts in young and 
Relative increase in old serum 
old cat sera.  The ratio,  Relative  increase in young serum'  is plotted in ordi- 
nates and the serum concentration in abscissae. 
The inhibiting influence of heterogenic serum was found to  vary 
in direct ratio to the age of the animal from which it was obtained. 
The rate of proliferation of chicken fibroblasts was studied compara- 
tively  in  media  containing  varied  concentrations  of  serum  from 
young and old animals.  For each concentration of serum, the rate 
of growth in the serum of the old animal was expressed in relation to 
the  rate  of growth in  the  serum  of the young animal.  When  cat ALEXIS  CARREL AND  ALBERT  H.  EBELING  37 
serum was used, the curve obtained in plotting this ratio in ordinates 
and the serum concentration in abscissm showed a  rapid increase in 
the inhibiting action of the old serum as soon as the concentration 
reached 30 per cent.  The same tests were repeated with the serum 
from young and old dogs.  The general results were identical, although 
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TExT-FIG. 6.  Relation between the rate of growth of fibroblasts, in young and 
Relative increase in old serum 
old  dog  sera.  The  ratio,  Relative increase in young serum'  is  plotted  in 
ordinates and the serum concentration in abscissa~. 
the quantitative inhibiting action of both sera was greater than that 
of cat  serum.  It may be  concluded  that  under  the  conditions  of 
the experiments: 
1.  Heterogenic sera  inhibit  and  prevent  the  growth  of  chicken 
fibroblasts when their concentration is made to vary within certain 
limits. 38  MULTIPLICATIOI~I"  OF  :FIBROBLASTS 
2.  A  relation  exists between the  rate  of growth  of chicken  fibro- 
blasts,  the  concentration  of  the  heterogenic  serum,  and  the  age  of 
the animal  from which  the serum is taken.  Thus,  the  rate of pro- 
liferation of chicken fibroblasts expressed by the growth index of the 
serum can be used as a  means for detecting certain changes brought 
about by age in a  heterogenic serum. 